went an important step further by localizing the IC-specific region with respect to known visual cortical areas. The strongest IC-related activation was found in the Lateral Occipital Complex (LOC), in a cortical strip anterior to the first three retinotopically organized visual ar- 
source intensive and slow. This led computer vision (1995) compared fMRI BOLD activation in response to scientists to try a different approach, of going from the Kanizsa-type ICs (similar to that in Figure 1A ; Kanizsa, surface to its boundaries, rather than the other way 1955, 1976) with activation in response to control stimuli around. In this literature, the term "salient region" is which contained similar local features but lacked the used to refer to a set of contiguous image pixels that globally completed surface ( Figure 1B ). They found that likely corresponds to a major surface in the scene. Algothere was a cortical region that responded more strongly rithms for the detection of salient regions benefit from to the ICs than to the control stimuli and concluded that the possibility of propagating signals in all directions this excess activation reflected processing related to (rather than only along contours; cf. Pao et al., 1999 ; the IC surface (see also Ffytche and Zeki, 1996) when the ICs bounding the Kanizsa squares were eliminated. They noted that, although ICs were no longer perceived, the targets all contained an enclosed region, tively cluttered scenes. Furthermore, since a region is always bound by contours all around (by necessity, toand they hypothesized that a rapid detection of this region was the basis for the good performance. Thus, pologically), the SR map gives a first approximation for the edges in the scene. At the same time, it is a crude although they did not use the term "salient regions" to refer to their stimuli, their results support the idea that map, since the bounding contours are not worked out in detail, and therefore more detailed processing is reSRs exist and have functional significance in human vision. Gurnsey et al. (1996) used a different manipulaquired. Detection of SRs has therefore emerged as a useful strategy to direct computational resources to setion from ours to eliminate the ICs (interrupting them by short orthogonal bars). Therefore, to generalize their lect portions in the image. SRs can be thought of as "candidate surfaces," worthy of further processing, results and to make a direct connection to our case, we applied their search paradigm to SR stimuli resembling such as boundary completion.
The dissociation between regions and bounding conthose in Figure 1C (target) and 1D (distractors). The rapid search performance was maintained (data not shown). tours can be made in human vision, too. Figure 1C shows a modification of Figure 1A where the "pacman-shaped" An informal demonstration of this effect can be seen in Figure 2 , where the SR "pops out" among the distractor inducers were altered so as to eliminate the sharp corners (discontinuities) in their outline and the colinearity elements. The SR stimuli therefore offer a way to ask whether of their edges. These manipulations were shown to reduce dramatically the strength of illusory contours, as the previously observed LOC responses to Kanizsa- Figures 1A and 1B) . If the response to Figure 1A found in previous studies required the existence of bounding ICs, we should not find fMRI activation in response to Figure 1C . Figure 1C .
Results
In the scans of objects versus scrambled objects (LOC localization), all observers showed robust activation in lateral portions of the occipito-temporal cortex, responding more strongly to the objects stimuli. The amplitude modulation of the across-observer mean time course was 1.25%. Significant voxels appeared also in other brain regions: in the medial portions of the occipital lobe, with reversed phase indicating greater activation in response to the scrambled objects, and in the intraparietal sulcus. (Supplemental Figure S1 at http://www. neuron.org/cgi/content/full/37/2/323/DC1 shows activation maps for one representative observer, 05). Our critical fMRI experiment had two conditions, IC and SR. Each condition consisted of eight cycles of alternation between "experimental" and "control" blocks conditions. (Our statistical power would allow us to detect a difference between the IC and SR conditions if it were 50% or more of the modulation depths). This means that the LOC responds to salient regions even while in another study (Mendola et al., 1999) , most observers did. First, there might have been differences in when they are not bounded by illusory contours.
In addition to the effect of block, there was an interacsignal strength related to fMRI methodology (e.g., coil sensitivity, pulse sequence used) and/or intrinsic scantion between observer and block (F [7, 224] ϭ 6.2, p Ͻ 10 Ϫ5 ). To examine this further, we analyzed individual observner noise. Second, the analysis we employed was different and included more conservative statistical criteria ers' data (two-tailed t test, ␣ ϭ 0.05). All eight observers showed higher activation for the "experiment" than the (e.g., correction for multiple comparisons). Finally, some of the difference may lie in individual differences be-"control" blocks in both the IC and SR conditions, but this difference reached significance only in four observtween observers. (Interestingly, the four observers who did not reach significance in our study were all novice ers (01-04) for the IC condition and three of these for the SR condition. To verify that significant responses to fMRI observers, whereas Mendola et al. note that all of their observers were highly practiced fMRI participants. the IC and SR stimuli can be obtained also in a population of observers who do not reach significance individuThis issue may warrant further investigation.) Figure 3A shows the across-observer mean LOC time ally, we performed a second ANOVA including only those four observers ( Although it has been shown that rounding the corners (L junctions) and misaligning the edges greatly reduce IC perception, this has only been done with subjective rating procedures (Kellman and Shipley, 1991; Rubin, modulation depths in individual observers (which ranged from 0.25% to 1%) showed that the individual 2001; Shipley and Kellman, 1990). There was the risk that there were some weak or residual ICs that observers response strengths were highly correlated (slope ϭ 1, r ϭ 0.88). The pattern of activation is also very similar did not report but that affected LOC activity. To test this, we conducted a psychophysical experiment designed to in the two cases. The activation maps looked similar also for the other observers who individually showed measure the strength of the bounding contours of the IC and SR stimuli (as well as two control stimuli, see significant modulation of activity in both the IC and SR experiments. In these observers, there was also signifibelow). Figure 5 illustrates the experimental design. The task involved the localization of a probe dot which was cant activation in parietal regions; since the present study focuses on LOC activation, those regions were presented briefly near the (putative) boundary of the enclosed region. Observers had to report whether the dot not analyzed further.
Examining the individual observers' activation maps fell inside or outside the region. The results for the IC and SR conditions are shown in Figure 6 . The psychometric in the IC and SR experiments, we noticed that for some observers there were significant voxels in lateral occipcurves in the top panel show the across-observer average fraction of "out" responses as a function of dot ito-temporal cortex which fell outside the functionally defined LOC (i.e., they were not activated in the objects position. The slopes of the curves provide an estimate of the sharpness of the perceived boundary: responses versus scrambled objects runs). We therefore performed the following additional analysis. For each observer, we change more quickly from "in" to "out" in the vicinity of sharp boundaries. There was a marked difference generated regions of interests (ROIs) based on anatomical markers. The ROIs consisted of the inferior and midbetween the slopes of the curves in the IC and SR conditions. Defining threshold as the dot displacement dle occipital gyri, the lateral and inferior occipital sulci, and the lunate sulcus, when present (cf. Moore and needed to shift responses from 50% to 82% "out," the thresholds were 9.2 and 19.9 min-arc for ICs and SRs, Engel, 2001). We then computed the mean time courses of these ROIs in the IC and SR experiments in each respectively. The bottom panel shows the thresholds for the individual observers. The two control conditions observer and conducted the same analysis as before. The eight-observer ANOVA showed a main effect of assessed performance when the boundary was a luminance-defined contour and when no salient region was block (F [1, 224] Figures 1C and 1D) . We Given the behavioral evidence for a weak bounding found that the SR stimuli led to a similar level of activacontour in the SR stimuli, the increased BOLD activation tion in the LOC, compared with IC stimuli.
they produced in the LOC may appear surprising. But Perceptual differences between Kanizsa-type illusory turning our attention to the perceptual similarities besurfaces and modified versions resembling our SR stimtween IC and SR stimuli (rather than their differences) uli (rounded corners, misaligned edges) have been docoffers a possible clue. The perceptual similarities beumented, but so far they have been restricted to subjectween IC-bound Kanizsa- (1996) showed that to insure that there was a robust perceptual difference between the two types of stimuli. We therefore designed stimuli which created an impression of an enclosed re- presented for 1 s each. There were 32 objects in all, grouped into two sets. The 16 objects in each set (and in the scrambled sets) MRI Acquisition were presented four times in pseudorandomized order, and the sets Observers were scanned on a 3 Tesla head-only Siemens Allegra were presented in alternating order. MRI machine located at Princeton University. A Siemens head coil There were two types of experimental stimuli: illusory contours (transmitter-receiver) was used for all scans. Two types of high-(IC) and salient regions (SR). IC stimuli were Kanizsa-type diamond resolution T1-weighted scans were obtained for each observer. A surfaces like that shown in Figure 1A , and the control stimuli conset of 170 slices were collected in the sagittal plane with the sisted of four outward-facing "pacmen" like those shown in Figure  MPRAGE sequence (TR 11 ms, TE 4 ms). Slices were 1 mm apart 1B. The "pacmen" radius and the sides of the illusory diamonds (no gap) and had 256 ϫ 256 voxels (1 ϫ 1 mm) each. In addition, a were 1Њ and 5Њ visual angle, respectively. Therefore, the support set of 16 slices were acquired in a near-coronal plane (parallel to ratio (the ratio between the luminance-defined portion and the entire the brainstem), using a T1-weighted EPI pulse sequence (TR 200 bounding contour) was 0.4, and the stimuli subtended 9Њ visual angle ms, TE 5 ms). Interslice distance was 3 mm (no gap), resolution (distance between furthest edges of inducers; two observers were 256 ϫ 256, FOV 192 mm, resulting in 3 ϫ 0.75 ϫ 0.75 mm voxels.
shown stimuli which were twice as large; see Table S1 with the The slices were taken at the same position and orientation as the Supplemental Data available at http://www.neuron.org/cgi/content/ functional scans (see below), covering the occipital lobe and postefull/37/2/323/DC1). Stimuli were contrast-reversed at a rate of 0.5 rior portions of the temporal and parietal lobes. The T1-weighted Hz. The experimental and control SR stimuli looked like those illus-EPI images were used, in conjunction with the MPRAGE images, to trated in Figures 1C and 1D , respectively. They were generated by determine the precise anatomical location of functional EPI data, manually tracing the outlines of the IC inducers while eliminating as well as to display those data on high-resolution anatomical backtheir sharp corners and then rotating each inducer by 10Њ clockwise ground. Functional (T2*-weighted) EPI images (TR ϭ 2 s, TE ϭ 30 to eliminate the alignment of the straight parts of the edges. Other ms, flip angle 90Њ) were acquired using the same slice prescription than that, all other details of the SR stimuli were identical to those as the T1-weighted EPIs, except that the in-plane resolution was of the IC stimuli. Perceptual data were not collected from the observ-64 ϫ 64, resulting in 3 ϫ 3 ϫ 3 mm voxels. Each functional scan ers, but in debriefings they confirmed that the IC stimuli seemed to consisted of 136 consecutive acquisitions, thus lasting 272 s. The have a bounding contour all around, while the SR stimuli did not visual stimulation started with the fifth acquisition and was preceded (see also Shipley and Kellman, 1990). by a visual "countdown" stimulus, to minimize artifacts due to the onset of the loud noise and prepare the observer for the onset of the stimulus. To offset for this delay and the hemodynamic delay, tions. In the "real contour" (RC) condition, luminance-defined contours were added to the IC stimulus where the illusory contours tion of erroneously rejected hypotheses among the rejected ones. Setting our threshold level at ␣ ϭ 0.05, this means that in the set would normally appear. The purpose was to measure the best possible performance. In the "crosshair" (XH) condition, the inducers of voxels deemed "significant" by our analysis (i | Q(i ) Ͻ ␣) for a given experiment, there were (on average) no more than 5% voxels were replaced by crosses enclosed within circular outlines (same diameter as the IC inducers). The purpose was to evaluate baseline which were in fact just noise. FDR provides a less strict and therefore more powerful adjustment for multiple comparisons than proceperformance (when no enclosed region is present). Other aspects of the design were identical to those of the IC and SR conditions, dures that control the family-wise error (such as Bonferroni) while at the same time offering a meaningful scale of significance values.
except that there were only two repetitions per side per size in the RC condition. Blocks of the RC and XH conditions were interleaved Next, voxels with Q(i ) Ͻ ␣ which did not have at least one contiguous significant voxel (in the 3D, 26-neighbor volume) were eliminated with the IC and SR conditions. The Weber contrast of the inducers and crosshairs was 67%; RC from the set of voxels deemed significant. This procedure eliminated more voxels which appeared outside than inside the brain and, contrast was Ϫ27%. Stimuli were generated on a SONY VAIO PC computer at a refresh rate of 75 Hz, using in-house graphics softoverall, no more than 8% of the voxels, on average. Finally, the phase of each significant voxel was examined to determine if it was ware. Viewing distance was 57 cm, and observers' heads were stabilized with a chin rest. Observers were instructed to fixate on more active in the "experimental" or "control" block. To distinguish the two types of voxels, their significance levels were illustrated a fixation point at the center of the screen at all times. with two different color ranges in the displayed activation maps.
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